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homolog HLH-1 acts downstream of mls-2 to specify M-
derived coelomocyte cell fates, whereas mls-2 regulates cell
proliferation through the G1 cell cycle regulator CYE-1.
Thus, MLS-2 functions in a cell-type-specific manner to
regulate both cell proliferation and fate specification. We have
also found that the M lineage expression of mls-2 appears to
be directly regulated by the Exd/Pbx homolog CEH-20.
Eliminating CEH-20 or mutating a putative CEH-20 binding
site in the mls-2 promoter leads to the specific loss of mls-2
in the M lineage. We are currently testing whether CEH-20
directly binds to the mls-2 promoter and whether CEH-20
functions together with the Abd-B class Hox proteins (EGL-
5/PHP-3/NOB-1) and the Hth/Meis homolog UNC-62 to
regulate mls-2 expression.
doi:10.1016/j.ydbio.2006.04.008
12
Differential regulation of Tbx5 nuclear/cytoplasmic
distribution during heart development
Hans-Georg Simon 1, Benjamin Bimber 1, Troy Camarata 1,
Andre Kulisz 1, Teng-Leong Chew 2, Jennifer Yeung 1
1 Department of Pediatrics, Northwestern University Feinberg
School of Medicine and Children’s Memorial Research Center,
USA
2 Northwestern University Feinberg School of Medicine, USA
In virtually all vertebrates, the Tbx5 gene plays essential
roles during heart and forelimb development, and mutations in
humans result in congenital malformations of heart and limb
structures. In the cell, the encoded Tbx5 transcription factor
interacts in a dynamic manner with the novel PDZ-LIM
domain protein Lmp4. Binding of Tbx5 to Lmp4 leads to a
change of the transcription factor’s sub-cellular location
from an exclusive nuclear to cytoplasmic distribution along
the actin cytoskeleton. The exit of Tbx5 from the nucleus
interferes with expression of heart- and limb-specific
downstream genes, demonstrating that Lmp4 acts as a
modulator of Tbx5 transcriptional activity. Using cultured
primary epicardial cells as an in vitro differentiation model
of epithelial to mesenchymal transition (EMT), we show that
Tbx5 protein sub-cellular re-localization can be stimulated
by signals known to induce EMT. During the course of
development in the chicken heart, Tbx5 and Lmp4 proteins
are expressed in distinct regions in exclusive and over-
lapping patterns. In this in vivo situation, we find Tbx5
distributed in the nucleus and cytoplasm or predominantly
localized to the nucleus, depending on the presence or
absence of Lmp4. These findings support the model that
Lmp4 regulates Tbx5 at the cellular level but also provide
the first evidence of previously unknown roles for nuclear
and cytoplasmic Tbx5 distribution in the developing embryo.
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The inactive X chromosome (Xi) of female mammals
displays several properties of heterochromatin including late
replication in S phase, hypoacetylation of histone H4,
hypomethylation at lysine-4 of histone H3, and DNA
methylation at CpG islands. Here we show that Cre-Lox
mediated excision of 21-kb from both Xist alleles subsequent
to the completion of the developmentally regulated X-
inactivation led to the appearance, throughout the Xi, of
histone modifications normally associated with euchromatin:
histone acetylation and histone H3 lysine 4 methylation.
Despite the appearance of euchromatic histone modifications,
the deletions at both Xist alleles did not abolish Brca1 and
Mecp2 localization to the Xi and caused the Xi to replicate
even later in S phase than it does in wild type female cells.
Homozygosity for the 21-kb deletion also caused the regions
of the active X chromosome associated with very high
concentrations of LINE-1 repetitive elements to be replicated
very late in S phase. Extreme late replication is a property
of fragile sites and the 21-kb deletions destabilized the DNA
of both X chromosomes leading to deletions and transloca-
tions. The X chromosome instability triggered the DNA
damage response. The deletions at the Xist locus also
resulted in gamma-H2AX, a histone variant that associates
with double strand breaks and other DNA damage,
concentrating throughout the Xi. Element(s) at the Xist
locus therefore serve to maintain the stability of the X
chromosomes.
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Stable inheritance of allelic information represents one of
the cornerstones of classical Mendelian genetics. While
various forms of genetic instability are well documented,
none represents a general, genome-wide phenomenon that
allows non-Mendelian inheritance of specific genetic infor-
mation. In contrast to this, progeny of hothead (hth) mutant
plants are able to inherit allele-specific DNA sequence
information that was not present in the genomes of their
parents, but was present in the genomes of their grand-
parents. All mutant alleles of the HTH locus share the
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unusual property of reverting to wild type with a frequency
of approximately 101 revertants/chromosome/generation.
All of the mutant alleles contain single nucleotide substitu-
tions and in the revertants these nucleotides are specifically
restored to the wild-type sequence. These restoration events are
not the result of any previously characterized genetic process
and similar genetic changes that restore ancestral genetic
information at numerous loci scattered throughout the genome
can be observed in the hothead mutant background. These data
strongly suggest that, at least in these mutant plants, there is a
cache of genetic information that is inherited outside the
conventional DNA genome that can be utilized to guide
subsequent genetic modifications.
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